SHORT-TERM EFFECTS OF LOGGING ON RED-BACKED VOLES AND DEER MICE

Thomas M. Campbell HIT' and Tim W. Clark-

AsTRacT.— Clearcutting and selective logging effects on red-backed voles (Clethrionomys gapperi) and deer mice
(Peromyscus maniculatus) were studied (September-November, 1975; June-October, 1976) in Bridger-Teton Nation-
al Forest, Wyoning. Five selective cuts (total 137 ha) removed 57 percent (range 34-74 percent) of the trees. One
clearcut (9.6 ha) eliminate 84 percent of the trees. Soils remained mesic in selective cuts, but became xeric in the
clearcut. Snap-trapping indicated that voles were most abundant on the unlogged and selectively cut mesic sites (76
percent of 408 captures), whereas deer mice were more common on the xeric clearcut (80 percent of 60 captures).
Species composition remained unchanged on selective cuts following logging (77 percent voles of 256 captures), but
changed from predominantly voles to mostly deer mice (SO percent of 60 captures) in the clearcut. Intraspecific age
and sex ratios, litter sizes. and morphological measurements were compared between logged and unlogged areas.

The short-term logging effects on the
structure and dynamics (i.e., habitat, num-
bers, and morphological and reproductive
characteristics) of red-backed voles (Cleth-
rionomys gapperi) and deer mice (Peromyscus
maniculatus) were examined on a 646 ha
study area in the Bridger-Teton National
Forest, about 40 km north and 8§ ki east of
Jackson, Wyoming. Tt is on the backslope of
an escarpment that runs west from Mt. Leidy
to a point southwest of Toppings Lakes. This
backslope is a series of benches with 15 to 40
percent slopes (Brady 1974) at elevations of
2300 to 2700 m. Soils include loams at the
surface, with silty clay to clay loam subsoils
(Knight 1973).

Climate is characterized by long, cold win-
ters with deep snow, a short growing season
(average 60 days)., and a low mean annual
temperature of 1 C. Snowfall averages 345
cm annually and can occur any month. Mean
annual precipitation is 69 cm, predominantly
snow (Department of Commerce 1975).

Jackson Hole vegetation has been de-
scribed by Read (1952), and Beetle (1961). A
climax spruce-fir (Picea engelmannii-Abies
lasiocarpa) forest covers the study area ex-
cept on recent burns (last 80 vears) and at
lower elevations, where lodgepole pine
(Pinus contorta) is dominant, and in areas of

intermixed coniferous forest and meadows

where Douglas fir (Pseudotsuga menziesii)
also occurs. Limber pine (Pinus flexilis) is
sparsely scattered throughout. Understory is
dominated by highbrush huckleberry
(Vaccinium globulare), grouse whortleberry
(V. scopariunt), mountain ash (Sorbus scopu-
lina), and sedges (Carex spp.).

METHODS

The density of all trees (dbh > 15 cm),
saplings (dbh 7.5-15 ¢m), and seedlings (dbh
< 7.5 cm regardless of height) by species was
measured on 10 randomly placed quadrats
(0.004 ha each) in each of the six harvest
blocks before and after logging. Soil beneath
the ground litter was classified as mesic if it
felt damp or xeric if it felt dry.

Small mammals were snap-trapped on
cach harvest block just prior to and immedi-
ately after logging and on each harvested
block and adjacent undisturbed sites for up to
one vear thercafter at monthly intervals.
Each sample consisted of 60 traps in three
lines with 10 trap stations 16 m apart per line
and 2 traps 3 m apart per station. Traps were
baited with peanut butter and checked daily
for 3 consecutive davs for a total of 180 trap
davs (TD) per sample (one trap set for 24
hours equals one trap day). The species: sex;
age (juvenile or adult); length of body, tail.
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right hind foot, and right ear; and reproduc-
tive status were recorded for all individuals
trapped. Testes length for males and numbers
of embryos or placental scars for females
were also recorded. Age was based on pelage,
size, and reproductive status.

Statistical tests were based on the Chi
square method of analysis unless otherwise
indicated.

ResuLTs anp DiscussioN
Effects of Logging on Vegetation

Collectively, logging altered approx-
imately 24 percent of the study area. Table 1
shows the harvest schedule. Selective cutting
removed a mean of 52, 52, and 77 percent of
the trees, saplings, and seedlings, respective-
ly, and mesic ground conditions persisted for
one year on these sites (Table 2). Clear-
cutting removed 88, 70, and 79 percent of
the trees, saplings, and seedlings, respective-
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ly, but ground conditions changed from mes-
ic to xeric within 9 months after harvest. Al-
though not quantitatively measured, logging
and skidding drastically disturbed understory
vegetation and litter in both clear and selec-
tive cuts.

Effects of Logging on Small Mammals

Five species were captured: red-backed
voles, deer mice, western jumping mice
(Zapus princeps), yellow pine chipmunk (Eu-
tamius amoenus), and masked shrews (Sorex
cinereus). Ninety-eight percent of 478 cap-
tures were voles and deer mice; only these
two species are discussed here.

ABUNDANCE: Voles were significantly
(P<<0.01) more abundant on mesic soils (76
percent of 408 captures, Fig. 1) throughout
the study, but deer mice were significantly
(P<<0.01) more numerous on the one xeric
site sampled 10 months after clearcutting (80

TasLe 1. Logging schedule for the six timber harvest blocks, Toppings Lakes Study Area, Bridger-Teton National

Forest, Wyoming.

Block Size Harvest

No. (ha) method

1 19.4 Selective cut
2 9.6 Clearcut

3 75.0 Selective cut
4 8.1 Selective cut
5 9.6 Selective cut
6 36.4 Selective cut

“Logging was suspended after 4 ha were logged and it became apparent
thal the expected timber volumes were not there.

Harvest schedule

9/13/76

Interval

Cut Skidded (days)
8/19/76 8/21/76 2
9/08/75 9/10/75 2
9/15/76 10/31/76 16
9/10/76 9/10/76 0
9/09/75 8/20/76 315

9/23/76 10

Tapre 2. The changes in tree overstory densities for clear and selective cuts on the Toppings Lakes Study Area.

Bridger-Teton National Forest, Wyoming.

Mean size
of harvest
block (hap
Selective cuts 29.7 + 27.7 SD
Trees
Saplings
Seedlings

Clearcut 9.6
Trees
Saplings
Seedlings

3\Means and standard deviatious for selective culs (N=3).

Mean number per hectare?

before after

logging logging
1064 + 233 507 47
566 £ 84 416 + 196

11027 + 4124 2592 £ 345

1213 150
743 230
3770
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percent of 60 captures). Koehler et al. (1975)
found similar results in Idaho on undisturbed
mesic sites and on sites xerified by forest fire.
Red-backed voles apparently require a heavy
cover of vegetation or logs (Gashwiler 1959,
LaBue and Darnell 1959, Hooven 1969,
Krefting and Ahlgren 1974) and reside pri-
marily in cool, damp forests (Townsend 1935,
Bailey 1936). The greater diversity of under-
story plants of mesic sites (Daubenmire and
Daubenmire 1968) apparently provide food
and cover for red-backed voles, but deer
mice prefer xeric habitats.

Species composition on logged and un-
logged mesic sites (selective cut #5) did not
differ significantly (P>0.10) one vear after
logging (Fig. 2). Conversely, the disturbed
xeric site (clearcut 2) had a highly significant
(P<<0.01) change in species composition fol-
lowing harvest (Fig. 2). Preharvest and imme-
diate postharvest data (September and Octo-
ber 1975, respectively) showed a community
composed primarily of red-backed voles (73
percent of 113 captures). Nine to 12 months
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after harvest (June to September, following
winter inaccessibility) composition had
changed to 80 percent deer mice of 60 ro-
dent captures. These deer monse capture
rates indicate a larger population than that
on the original, undisturbed forest. This is at-
tributed to the xerification of this site as a re-
sult of logging. Similar increases of deer mice
were observed bv Tevis (1956), Gashwiler
(1939, 1970), Kochler et al. (1975), and Hoov-
en and Black (1976) in forests altered by tim-
ber harvest and forest fires. Clearcuts may be
more attractive to deer mice (Gashwiler
1959) because they tend to move into dis-
turbed, depopulated areas (Stickel 1946).

AGE RraTi0s: On newly logged selective
cuts, juveniles ontnumbered adults 4.1: 1.0
for red-backed voles and 5.0:1.0 for deer
mice, but 9 to 12 months later juveniles had
decreased significantly (P<<0.01) to 0.8:1.0
for voles and 0.6 : 1.0 for deer mice. Juveniles
also outnumbered adults on the newly clear-
cut site 1.6:1.0 for voles and 1.8:1.0 for
deer mice.

@ DEER MICE

i

LOGGED
(mesic)

SELECTIVE CUTS

UNLOGGED
(mesic)

UNLOGGED
(xeric)

LOGGED
(mesic)

CLEAR CUTS

Fig. 1. Percent captures of red-hacked voles and deer mice on logged and unlogged areas, Bridger-Teton National
Forest, Wyoming. Figures at the top of the bars equal the number of animals trapped.
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Juveniles also comprised 75 percent of all
deer mice captured in a recent burn (Sims
and Buckner 1972). Powell (1972) found
three times as many red-backed vole juve-
niles in a recently blown down forest than in
an undisturbed forest. He conecluded that
standing forests were preferred red-backed
vole habitat and adults drove juveniles into
the less preferred, disturbed habitat (presum-
ably via aggressive behavior).

Sex raTios: The overall sex ratio for red-
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backed voles was 1.2M:1.0F, comparable to
1.3M:1.0F found in an Oregon study (Gash-
wiler 1959). Adults had an even sex ratio, but
juvenile males significantly (P<<0.05) out-
numbered juvenile females (1.5M:1.0F). Vole
sex ratios (adults, juveniles, and total) did not
differ significantly (P>0.05) in unlogged
mesic, logged mesic, or logged xeric sites.

Sex ratios for all deer mice captured (1.0
M:1.0 F): for adults (1.6 M:1.0 F); for juve-
niles (0.6 M:1.0 F); and for logged mesic, un-
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Fig. 2. Numbers of red-backed voles and deer mice trapped on logged and unlogged sites, Bridger-Teton National

Forest, Wyoming (September 1975, June -September 1976).
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logged mesic, or logged xeric sites did not
ditfer significantly (P>0.05) from 1.0 M : 1.0
F.

ReprobucTtion: Reproductive data for
June-September 1976 showed that most re-
production ceased after August (Tables 3 and
4). Males of both species with scrotal testes
were captured through August but not in
September. Packard (1968) and Clark (1973)
used male rodents exhibiting scrotal testes as
an indication of population breeding. Fe-
males of both species carried embryos and
were lactating from June to September, but
September embryos were near term (Table
4).

Mean litter size and SD based on embryo
and placental scar counts was 6.0 = 0.9
(range 4-9) for 44 red-backed voles and 6.1
+ 0.3 (range 6-7) for 10 deer mice. These
were similar to other studies of red-backed
voles in Grand Teton National Park (Clark
1973) and of deer mice in northwestern
Wyoming (Clark 1975, Long 1964). Repro-
ductive timing or litter sizes for either spe-
cies did not differ between logged and un-
logged areas.
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Bony mEasurEmENTs: Linear measure-
ments for red-backed voles and deer mice are
shown in Tables 5 and 6, respectively. Adult
females of both species were insignificantly
larger than males. No significant (P>0.05,
AOV) intraspecific age differences in mea-
surement of either sex were observed be-
tween logged and unlogged areas 9 to 12
months after harvest. Male red-backed voles
from this study and nearby Grand Teton Na-
tional Park (N=7, Clark 1973) did not differ
significantly (P>0.10, t-test).

CONCLUSIONS

Both selective cutting that removed about
57 percent of the trees and clearcutting of
spruce-fir forest resulted in an increase of
juvenile red-backed voles and deer mice two
weeks to a month after logging that was not
apparent 9 to 12 months later. Clearcutting
changed species composition 9 to 12 months
later from predominantly red-backed voles
on imlogged areas to predominantly deer
mice. The change was attributed to soil xeri-

Tasre 3. Male reproductive condition of red-backed voles and deer mice, Bridger-Teton National Forest, Wyo-

ming (June-September 1976).
Niunber of
red-backed voles

Nuunber of
deer mice

Total

Condition June  July  Aug.  Sept.  Total June  Juh Aug.  Sept.

Scrotal 9 7 12 0 28 4 9 1 0 14
Nonscrotal 0 0 11 9 20 0 1 13 6 20
Total Y 7 23 9 45 + 10 14 6 34

Tasre 4. Reproductive condition of red-backed vole and deer mouse adult females, Bridger Teton National For-

est, Wyorning (June-September 1976).

Number of
red-backed voles

Condition June  Juhy Aug.  Sept.
Numiber of females examined 5 5) 13 15
Percent pregnant 50 S0 23 72
Number of embryos

Mean 6.3 6.5 6 5.9

Range 6-7 3-9 6 4-9
Percent with placental scars 350 10 T 28
Number of placental scars

Mean 3.5 6 6 5.6

Range 5-6 6 6 +-6
Number of females lactating 4 6 13 17

Number of
deer mice

Total June  July  Aug. Sept.  Total
44 1 6 10 1 15
54 100 67 20 100 +
6.1 6 6.5 6 6 6.3

4-9 6 6-7 6 6 6-7
48 0 33 50 0 >6
5.8 0 6 6 0 6
-6 0 6 6 0 0-6
40 1 5 10 1 17
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fication on the clearcut. Voles continued to
predominate on selectively cut sites, and soils
remained mesic there. For both species adults
consistently outnumbered juveniles in June,
July, and August in both logged and unlogged
areas, but juveniles outnumbered adults in
areas newly logged in September. Sex ratios,
timing of reproduction, litter size, and body
measurements for both species did not differ
significantly between unlogged, selectively
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cut, or clearcut areas 9 to 12 months after
logging.
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TasLe 5. Body measurements of 258 red-backed voles from unlogged, clearcut, and selectively cut areas, Bridger-

Teton National Forest, Wyoming (June-September 1976).

Mean length, SD, and (range) in mm

Selective cut
M2+ (n=27)
F2+ (n=17)
MI- (n=59)
Fl- (n=36)

138.94 10.1 (115-160)
142.7 £ 11.2(122-159)
121.9 + 8.5(96-137)
115.0+ 10.7(93-138)

40.8+ 3.5(26-48)
10.6+ 4.7(37-47)
35.6 £ 3.5(26-42)
33.5+ 3.6(25-40)

*2+ = adult; 1- = juvenile.

15.9+ 1.7(12-18)
15.94 1.8(11-18)
15.6.+ 1.6(11-19)
15.4 £ 1.9(10-18)

Sex and age® Body Tail Ear Hind Foot
Control
M2+ (n=18) 139.4 £ 8.8(119-152)  39.1+ 2.6(34-45) 15.8 £ 1.8(13-21) 18.4 £ 0.9(17-19)
F2+ (n=23) 143.4£10.9(118-158) 40.5+ 4.4(26-47) 16.5+ 1.1(14-19) 18.0+ 1.0(16-19)
MI- (n=40) 11524 12.1(88-137)  33.0% 4.5(26-13) 14.9+ 1.8(10-17) 169+ 1.2(15-18)
F1- (n=26) 112.2£10.5(90-132)  33.2+3.7(25-42) 14.94 1.7(10-18) 17.0£0.7(15-18)
Clearcut
M2+ (n=3) 147.7 £ 6.4(144-155)  41.0+ 3.5(39-45) 14.3+ 0.6(14-15) 18.7+ 0.6(18-19)
F2+ (n=4) 139.64 10.4(125-147)  40.3% 2.9(37-44) 17.0£0.8(16-18) 17.8+ 1.0(17-19)
MI- (n=4) 113.3+ 13.8(100-130)  33.5 + 6.2(27-40) 13.0+2.0(12-16) 16.8+0.5(16-17)
Fl- (n=1) 117.0—- — 35.0— — 170—- - 180 —  —

18.4+ 1.0(16-19)
17.94 0.8(16-19)
17.31 0.7(16-19)
17.24+0.7(16-19)

TasLe 6. Body measurements of 118 deer mice from unlogged, clearcut, and selectively cut areas, Bridger-Teton

National Forest, Wyoniing (June-September 1976).

Mean length, SD. dnd (rdnge) in mm

24 = adult: l-.—.‘juyenilc.

Sex and age® Body Tail Ear Hind foot
Control
M2+ (n=11) 157.5 £ 11.1(140-175) 68.4 £ 4.8(62-77) 18.5+ 0.8(13-20) 18.4 £ 0.9(19-20)
F2+ (n=5) 156.6+ 10.1(146-170)  69.2 + 4.3(63-73) 18.8 £ 0.5(13-19) 19.6 £ 0.9(19-21)
MIl-(n=8) 1394+ 5.0(133-146)  63.9+ 2.0(61-66) 18.3 £ 1.0(17-20) 19.1 £ 0.6(18-20)
Fl- (n=9) 146.0 £ 6.3(137-155)  67.0+ 3.4(62-72) 18.8 +0.8(17-20) 18.6 £ 1.0(17-20)
Clearcut
M2+ (n=12) 158.7+ 11.1(148-175) 69.8 + 5.0(63-77) 18.0 = 1.7(15-20) 19.4 £ 0.7(19-21)
F2+ (n=10) 166.3+ 14.3(144-188) 73.4 + 7.1(62-85) 18.3 £ 1.3(17-20) 19.3 1 0.7(18-20)
MI- (n=9) 146.4 £ 7.2(133-156)  67.4£3.6(61-74) 18.7 + 1.0(18-20) 19.1+0.9(18-20)
Fl-(n=17) 142.5+£7.6(130-155)  63.4+5.2(55-72) 17.6 £ 1.8(14-20) 18.5 1 1.0(17-20)
Selective cut
M2+ (n=12) 1541+ 10.[(141-174)  67.4%5.2(61-76) 18.3 + 1.4(15-20) 19.1 £ 0.5(18-20)
F2+ (n=4) 160.1 + 17.8(145-183) 69.8 + 8.3(62-80) 18.5+ 1.O(17-19) 19.3 £ 1.0(18-20)
MI- (n=6) 146.8+6.6(139-157)  66.5+ 3.7(64-74) 18.2+0.8(17-19) 19.2 + 1.0(18-20)
Fl- (n=15) 143.2 £ 9.6(128-160) 6‘3 0:{'50(54 4) 17.9 1+ 1.5(16-20) 18.8 £ 0.8(17-20)




June 1980

LiteraTure CITED

BatLey, V. 1936. The mammals and life zones of Oregon.
North American Fauna 55. 416 pp.

BeeTLe, A. A. 196]1. Range survey of Teton County,
Wyoming. Part 1: Ecology of range resources.

Univ. Wyoming Agr. Exp. Stn. Bull. No.
T6R:1-42.

Brapy, S. 1974. Environmental impact study of Top-
pings Lake timber sale. Bridger-Teton National
Forest, Jackson, Wyoming. Mimeo. 20 pp.

Crark, T. W. 1973. Local distributions and interspecies
interactions in microtines, Grand Teton National
Park, Wyoming. Great Basin Nat. 33:205-217.

. 1975. Ecological notes on deer mice in Grand Te-
ton National Park, Wyoming. Northwest Sci.
19(1):14-16.

Crark, T. W, axp T. M. CameBeLL. 1976. Population
organization and regulatory mechanisms of pine
martens in Grand Teton National Park, Wyo-
ming. Paper presented at Conference on Re-
search in National Parks, Nov., 1976, New Or-
leans, Louisiana.

Davgenyare, R., anp J. B. DauBenygre. 1968. Forest
vegetation of eastern Washington and northern
Oregon. Washington Agr. Exp. Stn. Tech. Bull.
No. 22, 60 pp.

DepaRTMENT OF ComsEeRce. 1975, Climatological data
of Wyoming. Natl. Ocean. and Atmos. Admin.,
Asheville, N.C. Nos. 1-12.

GasnwiLer, J. S. 1959. Small mammal study in west-
central Oregon. J. Mammal. -40(1):128-139.
. 1970. Plant and mammal changes on a clearcut in

west-central Oregon. Ecology 51(6):1018-1026.

Horrman, G. R. 1960. The small mammal components
of six climax plant associations in eastern Wash-
ington and  northern  ldaho.  Ecology
41(3):571-572.

Hoovex, E. F. 1969. The influence of forest succession
on populations of small animals in western Ore-
gon in H. E. Black, ed. Wildlife and reforestation
in the Pacific Northwest. Oregon State Univ.,
Corvallis.

Hoovex, E. F., axp H. C. Brack. 1976. Effects of some
clear-cutting practices on small-mammal popu-

CampBELL, CLaRK: RopenT EcoLocy 189

lations in western Oregon. Northwest Sci.
50(4):189-208.

Knicur, C. A. 1973, Soil resource inventory manual.
Bridger-Teton National Forest, Jackson, Wyo-
ming.

Koenrer, G. M., W. R. Moorg, axp A. R. Tayvror.
1975. Preserving the pine marten: management
guidelines for western forests. Western Wildlands
2(3):31-36.

KrerTinG, L. W., anp C. E. AuLGrexn. 1974, Small mam-
mals and revegetation changes after fire in a
mixed  conifer-hardwood  forest.  Ecology
53(6):1391-1398.

LaBuE, J., anp R. M. Darnecr. 1959. Effect of habitat
disturbance on a small mammal population. J.
Mammal. 40(3):425-437.

Long, C. A. 1964. Comments on reproduction in the
deer mouse of Wyoming. Trans. Kansas Acad.
Sci. 67:149-153.

Love, ]. D., anp J. C. Reep, Jr. 1968. Creation of the
Teton landscape. Grant Teton Nat Hist. Assoc.
Publ., Moose, Wyo. 120 pp.

Packarp, R. L. 1968. An ecological study of the fulvous
harvest mouse in eastern Texas. Amer. Midl. Nat.
79:68-88.

PowerL, R. A. 1972. A comparison of populations of ho-
real red-backed voles (Clethrionomys gapperi) in
tornado blowndown and standing forest. Can.
Field Nat. 86(4):377-379.

Reep, J. F. 1952. The vegetation of the Jackson Hole
Wildlife Park, Wyoming. Amer. Midl. Nat.
18(3):700-729.

Sims, P., anp C. H. Buckner. 1972. The effects of clear-
cutting and burning of Pinus barksiana forests on
the populations of small mammals in south-east-
em Manitoba. Amer. Midl. Nat. 90(1):228-231.

Sticker, L. F. 1946. The source of animals moving into
a depopulated area. . Mammal. 27(4):302-307.

Tevis, L. 1956. Response of small mammal populations
to logging of Douglas fir. ]J. Mammal.
37(2):189-196.

Towxsenp, N. T. 1935. Studies on small mammals of
central New York. Roosevelt Wildl. Annals.
4:6-120.



